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TUBE REINFORCEMENT HAVING 
DISPLACEABLE MODULAR COMPONENTS 

TECHNICAL FIELD 

[0001] The present invention relates to structural rein 
forcements, and more particularly to a reinforcement assem 
bly designed to reinforce complex tubular structures and 
having a plurality of pillars connected together in a resilient 
manner to alloW the reinforcement to ?t through varying 
cross-sectional areas and bends in the tubular structure. 

BACKGROUND ART 

[0002] Complex tubular members including hydroformed 
tube structures are used in many applications, such as in 
automobile A-pillars, B-pillars, C-pillars, the hinge pillar 
area, rocker panels, the Wheel hub area, motor rails, and 
similar structures. In these tube structures, it is often desir 
able to place reinforcements at selected areas for added 
strength. In more complex tube structures, hoWever, it can be 
dif?cult to place a reinforcement at a desired location 
because of bends and varying cross-sectional areas in the 
structure. Any reinforcement member for such a structure 
needs to be small enough to ?t through the entire length of 
the tube, including the bends and narroWer areas, and yet 
still be able to stay in place at a desired reinforcement 
location, even if the location has a larger cross-sectional 
area. Commonly, either the reinforcement member is too 
large to pass through smaller areas of the tube structures to 
reach the desired location, or the reinforcement member is 
too small to stay secured at the desired location once it is 
positioned. 

[0003] Structural foam materials, often used With a carrier, 
can be used to create a reinforcement member that conforms 
to the tube structure and provides reduced stress distribution 
along the reinforcement. Placing and keeping the structural 
foam at the desired reinforcement location before the foam 
is expanded and cured, hoWever, still can be dif?cult for the 
reasons noted above. 

[0004] There is a need for a reinforcement assembly that 
is small enough to ?t around curves and through smaller 
cross-sectional areas in a tubular structural member, yet Will 
not shift position once it is placed at a desired location 
Within the tube structure, even if the tube structure is moved 
before the reinforcement assembly is attached permanently 
to the tube structure. 

SUMMARY OF THE INVENTION 

[0005] The present invention is directed to a reinforcement 
assembly for reinforcing complex tube structures, particu 
larly tube structures having bends and/or varying inner 
cross-sectional areas. The assembly includes a plurality of 
modular pillars arranged in a spaced relationship and held 
together at least at one location by a retainer, such as a 
plurality of ?ngers from a positioning mechanism or a 
resilient retaining mechanism. Many other retention mecha 
nisms can be envisioned. For example, the retainer can be 
placed aWay from the end and held in place by a recessed 
area in the structural foam coating. Each pillar is coated With 
a load distributing medium, such as an expandable structural 
foam layer, on its outer surface. To reinforce a tube structure, 
the assembly is placed inside the tube and guided to the 
desired location to be reinforced. As the assembly passes 
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through bends and smaller cross-sectional areas in the tube 
structure, the individual pillars move closer together so that 
the assembly Will not become trapped in the tube. If the 
assembly moves into an area that has a larger cross-sectional 
area, the retainer alloWs the individual pillars to move back 
outWard, holding the assembly in place at a desired location 
before the tube structure undergoes ?nal processing. 

[0006] To complete the tube structure reinforcement, the 
load distributing medium is expanded, causing the indi 
vidual pillars to fuse together and form a rigid reinforcement 
structure. The medium on the outer surface of each pillar 
presses against or bonds to the inner Walls of the tube 
structure or to adjacent pillars, ensuring that the reinforce 
ment assembly stays in place and distributes loads properly. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] FIG. 1 is a perspective vieW of a single modular 
pillar used in the reinforcement assembly of the present 
invention; 
[0008] FIG. 2 is a cross-sectional vieW of the modular 
pillar taken along line 2-2 of FIG. 1; 

[0009] FIG. 3 is an exploded vieW of one embodiment of 
the inventive reinforcement assembly; 

[0010] FIG. 4 is a cross-sectional vieW of the reinforce 
ment assembly of FIG. 3 compressed inside a tube structure 
before curing; 

[0011] FIG. 5 is a cross-sectional vieW of the assembly 
shoWn in FIG. 4 after curing; 

[0012] FIG. 6 is another cross-sectional vieW of another 
embodiment of the inventive reinforcement assembly after 
curing; and 

[0013] FIGS. 7A through 7C are cross-sectional vieWs 
illustrating the process by Which the reinforcement assembly 
of the present invention is positioned and anchored inside a 
tube structure 400. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0014] Referring to FIGS. 1 through 3, a reinforcement 
assembly 100 according to the present invention includes a 
plurality of pillars 102 arranged in any desired spaced 
relationship and at least one optional retaining mechanism 
104 retaining the pillars 102 together. The pillars 102 can be 
made of any rigid material that is appropriate for the 
reinforcing application in Which the assembly 100 Will be 
used, such as aluminum, nylon, polysulfane, magnesium, 
and steel. Although the ?gures illustrate pillars having a 
square cross-section, the pillars 102 can have any cross 
sectional shape, such as a circular, hexagonal or even a 
randomly generated shape. The pillars 102 are preferably 
tubular and can be formed by any knoWn process, such as 
extrusion, injection molding, roll forming, thermoforming, 
etc. 

[0015] Each pillar 102 has an expandable stress reducing 
medium 106 disposed on at least one surface, and preferably 
on all of its surfaces. Though other load distributing media 
can be used, a preferred load distributing medium is an 
expandable polymer, and preferably one that is foamable. A 
particularly preferred material is an epoxy-based structural 
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foam. For example, Without limitation, in one embodiment, 
the structural foam is an epoxy-based material. The struc 
tural foam may also include an ethylene copolymer or 
terpolymer With at least one monomer being an alpha-ole?n. 
As a copolymer or terpolymer, the ethylene is combined 
With tWo or three different monomers, i.e., small molecules 
With high chemical reactivity that are capable of linking up 
With similar molecules. 

[0016] A number of epoxy-based structural reinforcing 
foams are knoWn in the art and may be used as the load 
distributing medium 106. A typical structural foam includes 
a polymeric base material, such as an epoxy resin or 
ethylene-based polymer Which, When compounded With 
appropriate ingredients (typically a bloWing agent, curing 
agent and ?ller) expands and cures in a reliable and predi 
cable manner upon the application of heat or the occurrence 
of a particular ambient condition. The resulting material has 
a density that is suf?cient to impart desired rigidity to a 
supported article. From a chemical standpoint for a ther 
mally-activated material, the structural foam is usually ini 
tially processed as a ?oWable thermoplastic material before 
curing. It Will cross-link upon curing to create a thermoset 
material. 

[0017] An example of a preferred structural foam formu 
lation is an epoxy-based material that may include an 
ethylene copolymer or terpolymer and is commercially 
available from L&L Products of Romeo, Mich., under the 
designations L5206, L5207, L5208 and L5209. One advan 
tage of the preferred structural foam materials over prior art 
materials is that the preferred materials can be processed in 
several Ways. The preferred materials can be processed by 
injection molding, extrusion or With a mini-applicator type 
extruder. This enables the formulation When combined With 
appropriate part design to exceed the capability of most prior 
art materials. In one preferred embodiment, the structural 
foam (in its uncured state) generally is dry or relatively free 
of tack to the touch. 

[0018] While the preferred materials for fabricating the 
structural foam have been disclosed, the structural foam can 
be formed of other materials provided that the material 
selected is heat-activated or otherWise activated by an ambi 
ent condition (eg moisture, pressure, time or the like) and 
expands in a predictable and reliable manner under appro 
priate conditions for the selected application. Possible mate 
rials include, but are not limited to, polyole?n materials, 
copolymers and terpolymers With at least one monomer type 
an alpha-ole?n, phenol/formaldehyde materials, phenoxy 
materials, and polyurethane materials With high glass tran 
sition temperatures. See also, US. Pat. Nos. 5,766,719; 
5,755,486; 5,575,526; and 5,932,680, (incorporated by ref 
erence). In general, the desired characteristics of the struc 
tural foam include relatively high stiffness, high strength, 
high glass transition temperature (typically greater than 70 
degrees Celsius), and good corrosion and humidity resis 
tance properties. In this manner, the material does not 
generally interfere With the materials systems employed by 
automobile manufacturers. 

[0019] In applications Where a heat activated, thermally 
expanding material is employed, an important consideration 
involved With the selection and formulation of the material 
comprising the structural foam is the temperature at Which 
a material reaction or expansion, and possibly curing, Will 
take place. For instance, in most applications, it is undesir 
able for the material to be reactive at room temperature or 
otherWise at the ambient temperature in a production line 
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environment. More typically, the structural foam becomes 
reactive at higher processing temperatures, such as those 
encountered in an automobile assembly plant, When the 
foam is processed along With the automobile components at 
elevated temperatures or at higher applied energy levels, 
e.g., during painting preparation steps. While temperatures 
encountered in an automobile assembly operation may be in 
the range of about 148.89° C. to 204.44° C. (about 300° F. 
to 400° F.), body and paint shop applications are commonly 
at least 93.33° C. (about 200° or slightly higher. If 
needed, bloWing agents activators can be incorporated into 
the composition to cause expansion at different temperatures 
outside the above ranges. 

[0020] Generally, suitable expandable foams have a range 
of expansion ranging from approximately 0 to over 1000 
percent. The level of expansion of the structural foam 14 
may be increased to as high as 1500 percent or more, With 
the most preferred expansion betWeen 0 and 300 percent. 

[0021] The optional retaining mechanism 104 retaining 
the pillars 102 together are preferably made of a resilient 
material, such as materials that are compressible but Will not 
decompose When exposed to body shop oven temperatures. 
This includes certain elastomeric, foamed and unfoamed 
that have adequate temperature resistance. Non-elastomeric 
materials such as nylon can be used as Well. The retainer 
construction Would be different; hoWever, in the case of rigid 
thermoplastic use. The necessary ?exibility Would result 
from the hinging action of the polymer retainer, in the 
embodiment shoWn in FIGS. 3 through 5, the retaining 
mechanisms 104 have protrusions 108 that ?t into the 
holloW ends of the pillars 102, but the retaining mechanisms 
104 can be attached to the pillars 102 via any other knoWn 
means, such as by placing indentations in the retaining 
mechanism 104 and ?tting the pillars 102 into the indenta 
tions or by using an adhesive. Note that the retaining 
mechanisms 104 do not necessarily have to be removed after 
the assembly is put into place Within a tube structure 400. To 
keep the pillars 102 securely attached to the retaining 
mechanisms 104, the end of the pillars 102 can be crimped 
to ?t more securely over the protrusions 108 on the retaining 
mechanism 104. An adhesive can also be placed on the 
retaining mechanism 104 so that it bonds With the pillar 102. 
If the assembly 100 Were to be placed in the structure 400 
before a hydroforming operation, the retaining mechanism 
104 could have openings to alloW ?uid to How easily 
through both the retaining mechanism 104 and the pillar 
102. Also, the retaining mechanisms 104 may be manufac 
tured so that they are degradable at high temperatures, acting 
as temporary retainers that disappear once the structural 
foam 106 has expanded to hold the reinforcement assembly 
100 in place permanently. 

[0022] Alternatively, the pillars 102 can be retained and 
kept into position by a plurality of ?ngers from an external 
positioning device. In this embodiment, the ?ngers ?t inside 
one end of the pillars 102 to hold them in position. If ?ngers 
are used to hold the pillars 102 in place rather than an 
retaining mechanism 104, the reinforcement assembly 100 
can be put into place as part of the manufacturing operation 
for forming the tube structure. For example, the assembly 
100 could be placed in the hydroform tube 400 before the 
tube 400 is bent into its ?nal form. After the assembly 100 
is positioned, the hydroform mold can be bent, locking the 
assembly 100 into place. The ?ngers are then extracted, 
leaving the assembly 100 in place due to the plastic defor 
mation of the mold. The tube structure is then hydroformed 
Within the mold, around the reinforcement assembly 100. 
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Because the pillars 102 are hollow, the pillars 102 do not 
impede the How of liquid during the hydroforming opera 
tion. Further, as long as the pillars 102 are able to Withstand 
the hydrostatic pressure created in the hydroforming appli 
cation (e.g., if they are made from a rigid material such as 
nylon or steel), they Will not collapse. 

[0023] FIGS. 7A through 7C illustrate one Way in Which 
the reinforcement assembly 100 can be placed and secured 
inside the tube structure 400. In FIG. 7A, the reinforcement 
assembly 100 is shoWn pushed into a narroWer section 702 
of the tube 400, causing the pillars 102 to move toWard a 
compressed position to accommodate the narroWer space. 
FIG. 7B shoWs the assembly 100 at the desired area to be 
reinforced 704, Which is shoWn to have a larger cross 
sectional area than the narroW section 702. As shoWn in 
FIG. 7B, either the biasing force of the retaining mechanism 
104 material or the mechanical movement of the external 
positioning device moves the pillars 102 outWard and aWay 
from each other. As a result, the assembly 100 is held 
securely into position When the pillars 102 press against the 
inner Walls of the tube 400. FIG. 7C shoWs the assembly 
100 after the structural foam layer 106 has been expanded 
and cured. Once the structural foam 106 has expanded and 
cured, the pillars 102 and foam 106 fuse together to form a 
single reinforcing piece held rigidly inside the tube structure 
400. The structural foam 106 and the pillars 102 distributes 
loads placed on the tube 400 and helps prevent the tube 400 
from deforming When the load is applied. 

[0024] As a result, the invention alloWs precise, easy 
placement of a reinforcement assembly into a complex tube 
structure by alloWing the total dimensions of the assembly, 
via the modular, movable pillars, to accommodate varying 
tube structure dimensions. Further, the relatively holloW 
cross-section of the invention and the placement of the 
structural foam minimiZes the amount of material needed to 
reinforce the tube structure, reducing both the Weight and the 
cost of the reinforcement. In addition, different tube cross 
sectional shapes and areas can be easily accommodated, 
Without having to manufacture neW reinforcement members 
for each shape, by adding or removing pillars from the 
assembly. 
[0025] It should be understood that various alternatives to 
the embodiments of the invention described herein may be 
employed in practicing the invention. It is intended that the 
folloWing claims de?ne the scope of the invention and that 
the method and apparatus Within the scope of these claims 
and their equivalents be covered thereby. 

What is claimed is: 
1. A reinforcement assembly for reinforcing a tubular 

structural member, comprising: 

a plurality of pillars arranged in a spaced relationship; 

a retainer coupled to a ?rst end of said plurality of pillars; 
and 

a load distributing medium disposed on at least one 
surface of each of said plurality of pillars, 

Wherein the retainer alloWs the plurality of pillars to move 
toWard and aWay from each other to accommodate 
changing cross-sectional areas of the tubular structural 
member. 

2. The reinforcement assembly of claim 1, Wherein at least 
one of said plurality of pillars has a cross-sectional shape 
selected from the group consisting of round, square, and 
hexagonal. 
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3. The reinforcement assembly of claim 1, Wherein said 
plurality of pillars are made of at least one selected from the 
group including steel, aluminum, magnesium, nylon, 
polysulfone, and sheet molding compound. 

4. The reinforcement assembly of claim 1, Wherein said 
plurality of pillars are tube-shaped. 

5. The reinforcement assembly of claim 1, Wherein said 
retainer is an retaining mechanism coupled to the ?rst ends 
of said plurality of pillars. 

6. The reinforcement assembly of claim 5, Wherein said 
plurality of pillars are tube-shaped, and Wherein said retain 
ing mechanism is attached to said plurality of pillars via 
integrally formed protrusions that ?t inside the ?rst ends of 
said plurality of pillars. 

7. The reinforcement assembly as claimed in claim 1, 
Wherein said load distributing medium is a polymer foam. 

8. The reinforcement assembly as claimed in claim 1, 
Wherein said load distributing medium is an epoxy-based 
polymer foam. 

9. The reinforcement assembly as claimed in claim 1, 
Wherein said load distributing medium is a heat activated 
expandable polymer foam. 

10. A reinforcement assembly for reinforcing a tubular 
structural member, comprising: 

a plurality of pillars arranged in a spaced relationship; and 

an expandable load distributing medium disposed on at 
least one surface of each of said plurality of pillars, 

Wherein the plurality of pillars are adapted to move 
toWard and aWay from each other to accommodate 
changing cross-sectional areas of a structure to be 
reinforced. 

11. The reinforcement assembly of claim 10, Wherein at 
least one of said plurality of pillars has a cross-sectional 
shape selected from the group consisting of round, square, 
and hexagonal. 

12. The reinforcement assembly of claim 10, Wherein said 
plurality of pillars are made of at least one selected from the 
group including steel, aluminum, magnesium, nylon, 
polysulfone, and sheet molding compound. 

13. The reinforcement assembly of claim 10, Wherein said 
plurality of pillars are tube-shaped. 

14. The reinforcement assembly as claimed in claim 10, 
Wherein said expandable load distributing medium is a 
polymer foam. 

15. The reinforcement assembly as claimed in claim 10, 
Wherein said expandable material is an epoxy-based poly 
mer foam. 

16. The reinforcement assembly as claimed in claim 10, 
Wherein said expandable load distributing medium is a heat 
activated expandable polymer foam. 

17. A method for reinforcing a tube structure, comprising 
the steps of: 

arranging a plurality of pillars in a spaced relationship, 
each pillar having an expandable load distributing 
medium disposed on at least one surface of each of said 
plurality of pillars; 

retaining the plurality of pillars in a predetermined 
arrangement, Wherein the retainer alloWs the plurality 
of pillars to move toWard and aWay from each other to 
accommodate changing cross-sectional areas of a struc 
ture to be reinforced; 
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positioning the plurality of pillars in the tube structure at 
a desired location; and 

expanding the load distributing medium to hold the plu 
rality of pillars at the desired location. 

18. The method of claim 17, Wherein the retaining step is 
conducted by coupling at least one retaining mechanism 
coupled to at least one end of the plurality of pillars. 
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19. The method of claim 17, Wherein the retaining step 
and the positioning step are conducted by engaging said 
plurality of pillars With an eXternal means. 

20. The method recited in claim 17, Wherein the expand 
ing step is conducted by heating the load distributing 
medium to activate thermal expansion of the load distrib 
uting medium. 


